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The indicated horsepower of a two- stroke diesel enp.ins var- 
ies directxi with scavenpinp efficiency, other thinps beinp con- 
stant. Therefore, any improvecent in scuvenginr efficiency ( Sg.) 
at constant scavenf^inp ratio (Rg) will increase the indic'.tea 
horsei)ov-or . The object of this thesis has seen to cleterznine tae 
curves of Sg versus Rg for th.ree engines using different syste.r.s 
of scavoririnr. Yrom these curves, tiie relative iriorits of tiie 
turae systens have been determined. 

The nethod used was to draw curves of fuel .ix* ratio versus 
exnaust gas comronents bused on ^xiiuust samples taken froi:. two 
four-stroi'e engines where the fuel air ratio -vvar known. The 
samples were ta:<en with a sampling valve placed in the exhaust 
manifold. Tiie sumj xes were anaiyzed for exhaust components using 
an orsat r..s analyzer. ..ith the curves caveloped on toe four- 
stroke engines as a bx-isis, the fuel air ratio of the three tv;o - 
stroke engines was determined, T/iis was done by measurin'* the 
fuel supplied, air supplied, and determining the fuel air ratio 
by exlUiUSt gas samples. Frou; this data, curves of versus 
were drawn up for the t^Lree enginex^. 

Results 

The curves of fuel air ratio versus exhaust gas ooiapononts 
{Figure 7 ) obtained on the four stroke engine agreed \,ith the re 
suits of other experiments. The curvesof e_ versus for the 
loop scavenged engine (Figure 10) are in agreement with previ- 
ously published curves of the JPIT 2 stroke loop scavenged engine. 
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The curves of a*, versus Rg for the through scavenged ported en- 
gine (Figure 8) and poppet valve engine (Figure 9) are reasonable 

f 

No earlier data is available for comparison. 

Of the three engines tested, the General Motors 3-71, poppet 
valved, through scavenged engine showed the highest Sq for any 
particular value of Itg, The Fairbanks Morse model 38E5ii; through 
scavenged opposed piston engine, was next highest. Both these 
engines showed better values of Og than those for complete mix- 
ing. (See Figure 11). 

The M.l.T. modified C.F.R. loop scavenged engine showed the 
lowest values of Sg for any particular value of Rg. This engine 
evidenced mixing and short circuiting of scavenging air. 

The values of scavenging mean effective pressure for the 
engines were in exactly the same relation as the values for Sg, 
the General Motors engine being the highest. This would indi- 
cate that although the eg is highest in the G.M. engine, it does 
not mean a higher brake mean effective pressure. Carrying the 
scavenging ratio beyond 1.0 has increasingly diminishing returns 
for the scavenging pump power expended. Emphasis should be 
placed on port flow coefficients instead of wasting power in driv 
ing a scavenging pump to achieve a high Sg. 

The field should be further investigated and these results 
improved by examination of isolated cylinders. Although piston 
speed is a weak function in the relation of Og to Rg, the effect 
should be investigated. The effect of fuel-ali' ratio on the 6g, 

Rg relation should bo established. 
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INTHODUCTION 

The Increasing number of compression ignition engines de- 
signed to operate on the tv;o-stroke cycle principle demands fur- 
thur investigation of this method of operation. The improvement 
in output of twfo-stroke engines usually centers around the prob- 
lem of obtaining good scavenging efficiencies as shown by the 
formula for IHP: HIP = For a given bore, stroke, 

and RPM, IHP = improvement in eg, at a given Rg, 

will increase engine output.' Yet, the relationship of Og to Rg 
Is one of the few items of the internal combustion engine that 
has not been investigated to the degree necessary for sound de- 
sign decisions. 

The difficulty in the past has been the lack of a simple, 
accurate, and easy-to-use device for obtaining a sample of the 
combustion products of the engine before they have been diluted 
by the scavenging air. 

The purpose of this thesis vtas to develop such a device, 
as outlined above, and to then investigate eg versus Rg for 
the three types of scavenging generally used for two-stroke dies- 
el engines. 

A simple type of sampling check valve placed in the exhaust 
manifold had been suggested to a previous thesis group, (&:3ASURE~ 
MiNT or SCAViSNGIWG EFFICIENCY OF THE TWO-CTROKE ENGINE; a COi-i- 
P-'UilSCN AND >\NaLYSIS OF J-^ETHODS) by Professors C. F. Taylor and 
A. R. Rogowski . Some preliminary tests were made with this sampi 
ing valve, iHit no definite conclusions were reached as to its use 
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As ti starting point for this thesis, it was decided to further 
investigate the use of this valve. 

In the past attempts to gather samples of the cylinder 
combustion products from the cylinder required complicated, 
mechanically-timed sampling valves, since the valve must be 
closed during the scavenging period. The basic idea of this 
valve is that if it can be placed close enough to the exhaust 
ports or valve to utilize the dynamic pressure of the exhaust 
gases during the cylinder blow-down period, a sufficiently high 
sampling pressure can. be built up in a receiver behind the 
check valve, to keep it closed against scavenging pressure. 

The valve was first tested using a standard CFR four-stroke, 
spark ignition engine to see if a representative sample of the 
exhaust gases could be gathered, and if a sufficiently high 
sampling pressure could be built up. The engine was run over 
a wide range of fuel air ratios and the exhaust gas samples 
were analyzed for CO^, CO, and O2 using an Orsat Analyzer. 

The samples analyzed checked v^ell with the published 
curves of exhaust gas content versus fuel air ratio by 
De Alieva and Lovell. The conclusion reached was that a rep- 
resentative sample of the exhaust gases could be obtained us- 
ing a sampling valve of this type. 

Pressure well in excess of any scavenging pressures used 
for two-stroke engines v/as ffiaintained in the receiver. There- 
fore, it was concluded the check valve would remain closed dur- 
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ing the sc-uvenging poriod. 

There were no published curves of exhaust gas content vers- 
us fuel-air ratios in the range of diesel engine operation (F/a 
.02 - . 05). The next step was to develop these curves. four- 
stroke CFH engine, modified by use of a Comet head preconbus- 
tion chamber, and equipr>ed with u unit fuel injection valve, 
was used for this part of the investigation. The samples were 
analyzed for CO2 and O2 (no CO is present at low fuel air ratios) 
and smooth curves were developed (see Figure ?)• It was again 
possible to build up satisfactory back pressures in the exhaust 
sample receiver. 

The tiirea types of two-stroke engines investigated for the 
development of scavenging efficiency (e^) versus scavenging ra- 
tio (Hg) curves were: 

1. A three cylinder, two-stroke opposed pi. ton Fairbanks 

Morse singine .''odel representing the "throuf^i 

scavenging'’ type with opposed pistons. 

2. A 3“71, CM, two-stroke diesel model representing the 
'•through scavenging’' type with poppet valves in the 
head . 

3. .1 single cylinder, two-stroka, gasoline en-ciine equipped 
with unit fuel injection representing the "loop sc ivong- 
ing" type. 

The products of combustion were gathered during the exhaust 
blow down period with a sufficiently high sampling pressure 



built up in the receiver to insure that the sampling check v.ilve 
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was closed during' the scaven{?;ing process. The exhaust samples 
were analyzed, scavenging efficiency and scavenging ratio cal- 
culated, and the points plotted (see Figures 8, 9, 10, 11). 

In the multi-cylinder engines, exhaust samples v^'ere analyz- 
ed from each cylinder but no attempt vms made to isolate indi- 
vidual cylinders - cue primarily to lack of time. Since the 
calculations of Sg and are based on the total amount of air 
and fuel used, the assumption was made that air and fuel were 
evenly divided between the cylinders. In each case the result 
of individual cylinder analysis is plotted and the curve of eg 
versus Rg is drawn through the mean of the points. 
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PROCEDURE 

The procedure outlines the steps taken to obtain the data 
and results presented in this paper. The roi^ny difficulties, the 
blind allays, and the lessons learned ^re included in the appen- 
dix. 

The procedure falls into five separate categories: 

1 . Determination of the relation of fuel-air ratio to 
some of the exhaust gas components (CO2, Co and O2), 
in the four-stroke, spark ignition engine by the use 
of a sampling check valve in the exhaust blo\\-dov.n 
stream. 

2 . Determination of the relation of fuel-air ratio to 
some of the exhaust gas coni)onents (CO2, CO, 02)1 
in the four-stroke, compression ignition enf-'ine by 
the use of a sampling check valve in the exhaust 
blow-down stream. 

3. Deterralnation of the relation of scavenging ratio 
to scavenging efficiency in a two-stroke, opposed 
piston, coinpresi'ion ignition engine at a single pis- 
ton speed. 

4 . Determination of the relation of scavenging ratio 
to scavenging efficiency in a two-stroke, poppet 
valve, compression ignition engine at a sin^'le pis- 
ton speed. 

5. Determination of the relation of scavenging ratio 
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to scaven^^ing efficiency in a two-stroke, loop scav- 
enged, gasoline injection, spark ignition engine. 

FOUH-STROKE SltvRK IGNH’ION ENGINK 
A C.F.R. engine was used for this part of the investigation. 
A sampling check valve'^ was inserted into the exhaust pipe. The 
position of the valve tip was adjusted to receive the full im- 
pact of the blow-down pressure wave. The valve was connected 
to the sampling apparatus as shown in the schematic diagram.”* 

It \;as possible to get a pressure behind the sampling valve 
(sampling pressure) of 17" Hg. when the valve was correctly ad- 
justed. The sampling pressure was never allowed to drop below 
12" Hg., while sampling, to develoj) a technique for future ex- 
periments witii two-stroke engines. An Orsat**” apparatus was 
used to analyze the gas samples. 

After the engine had been run to the point of thermal 
equilibrium, samples were taken of the exhaust gas at various 
fuel-air ratios. Each sample taken was analyzed and plotted. 

All points appear in the finished plot. a 11 runs were at full 
throttle. Carburet ion was accomplished by using a steam jack- 
eted vaporizing tank. The speed was kept constant by the use 
of an electric dynamometer, /.ir consuraption was measured by the 



riate 4 and appendix. 

** i'iate 2 (the arrangement of the G.a.. and the C.F.R. are the 
same } . 

See appendix. 
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pressure drop across a square edged orifice.* Fuel consum- 
ption was measured by a rotometer. The fuel was iOO octane 
gasoline. The fuel-air ratio was varied from .076 to .05. 

Care v»as taken to completely purge the exhaust system between 
changes of fuel-air ratios. 

FoUR-i:TKOKjj; CUWFhbSGION IGNITION ENGINE 
A C.F.h. engine, modified by use of a Comet head (precom- 
bustion chamber), wus used for this ]>art of the investigation. 
The sampling vulva vvas inserted into the exhaust pipe proxi- 
mate to the exhaust valve to receive the full impact of the 
exhaust blow-down. The procedure used in this phase of the 
investigation was similar to that used in the previous step. 
The fuel-air ratio was varied in this case from .02 to .06. 

The relation between fuel-air ratios and exhaust gas compon- 
ents from .02 to .076 v.as established as a result of steps one 
and two . * * 

THE FAlHBi'vNKS NOKbE MODEL 38, K5i TtVO-STdOKE, OPPOSED PISTON, 

COMPrtESEION IGNITION ExNGIfiE 

The engine and related equipment was set up as described 
in the schematic diagram.*** Full load was applied to the 
engine through its direct coupled generator. Electrical power 
was absorbed in a resistance grid. The engine v.as run at 



* Figure 1 and details of air measurement in the appendix. 

** Figure 7. 

*** Plate IX 
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1200 r.p.m. (1,150 ft./niin. piston speed). Tiie air Inlet to 
the scavenging blower was v;ide open. Air and fuel consuci];tion 
were measured as in steps one and two. 

After thermal equilibrium was reached, sampling was begun. 
The Sampling check valve was inserted through the pyrometer in- 
let. The valve was adjusted to receive the full impact of the 
blow-down exhaust gas. A sampling pressure of 10" Hg. maximum 
was obtained. The scavenging air pressure was 6" Hg. Sampling 
of the exhaust gas was done with a sampling pressure of 7" Hg. 

A series of five separate analyses were taken from each 
of the three cylinders. Two samples were analyzed with the 
Grsat equipment, and three with the Hays flue gas analyzer. 

It was necessary to shut the engine down each time the sampl- 
ing valve was shifted from one cylinder to another, but in each 
case the original operating conditions were reproduced. 

In order to find the relation of e„ to R , at a different 
point, the air inlet to the scavenging air blower was throttled. 
The load was then adjusted dov/nward, to produce the same fuel- 
air ratio as was obtained at full load and wide open air inlet. 
To obtain the value of the loud to give the correct fuel-air 
ratio, the number one cylinder exriaust was analyzed until the 
gas components checked with the previous run. The exhaust of 
all three cylinders was then analyzed as was done in the pre- 
vious run. The method of translating the exhaust Siimple anal- 
yses into the scavenging ratio and scavenging efficiency for 
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this and ail other engines is included in the sample computa- 
tions to be found in the appendix. 



TlL'i GENSHaL motors ShililiiS 3-71 POPPET VAi.VE, 

iNGINE 



CuMHi aSSION IGN ITI oN 



The 71 series engine \.ith its related equipment is shown 
in the schematic diagram appended.* This engine hud a single 
water cooled manifold to handle the exhaust gas from all cyl- 

I 

inders. This manifold was pierced opposite each exhaust pas- 
sage and fittings brazed in place to accommodate sampling valves. 
Each cylinder had two exhaust valves. Only one vms utilized to 
sample the exhaust gas. 

% 

Air and fuel consumption were measured as before. Sampling 

of the exhaust was started after thermal equilibrium v^s reached. 

A sampling pressure of 14” P'g. maximum was obtained after the 

sampling valves were correctly adjusted. Sami)ling was done v.ith 
\ 

a sampling pressure of 12" IJg. The scavenging air pressure at 
full load was 11" Hg. 

As in the case of the KM engine, the first samples were 
taken with the engine fully loaded. The air inlet to the scav- 
enging blower was wide open. The loud was applied through a 
resistance loaded electric dynamometer. The engine speed was 
hold constant at 174-0 r.p.ra., ( 1,450 ft. /min. piston speed), 
all three cylinders were checked in succession and then re- 
checked to insure reproducibility . 
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The 6g and were chan^^ed in the same manner as with the 
Pli engine and again all cylindei's were chocked twice, least 

five Orsat readings were taken during ec.ch check of a single 
cylinder. 

The interpretation of the Orsat readings and their trans- 
lation into eg and Rg values is to be found in the appendix as 
part of the sample calculations. 

LOOP SCA71NGED, I^.I.T. MOriFIED C.F. fi. >MTII G..SOi.INS 

INJECTION ,iND SLiUlK IGNITION 

The engine and its related equipment was set up as des- 
cribed in the schematic diagram."’ Air and fuel consumption 
were measured as before. Scavenging air was supplied from an 
outside air compressor which did not draw on the engine for its 
motive power. Unit gasoline injection was accomplished with all 
ports closed. The speed was maintained constant at 1,930 r.p.ra. 
(1,450 ft, /min. piston speed). The load vms applied through a 
resistance loaded electric dynamometer. The sampling valve was 
placed in the exhaust port about i/l6” from the inside cylinder 
wall and at an angle of 60® to the axis of the cylinder. 

Scavenging pressure at full lo^d was S’* Hg, The sampling 
pressure was 3 O” maximum. The sampling presiure was maintain- 
ed at 9” during the sampling process. The cylinder v/as checked 
yt full load. Two more sets of analyses were made at different 
values of scavenging ratio and scavenging efficiency. These 
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points were obtained as before, by reducinr; the scavenginp, air 
pressure and the iOad, but raaintuining the fuei-air ratio and 
speed constant. No difficulty was experienced in obtaining 
sufficient buck pressure at any point to insure obtaining a 
ti'ue sarapie of exhaust gas. The interpretation of the results 
of the exiiaust gas analyses and translation into terrr.3 of 
and Kg are to be found in the sample calculation. 
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1. The relation botvveen fuei-oir ratio ^rid turee of the 
co;:i!Jcnent s of exhaust -js, (CO-., CO and Oo) was established 

over a range of fuoi-air ratios fro:-. .00 to .09. (heo Figure 7.) 

2. saRi^jling check vulva, orig'inuliy sugoosted by 
Professors C. F. Taylor and d. hogowski, v.es nouified and 
used successfully to collect repraserituti ve SanuTes of the ex- 
haust gas in the two-stroke internal coribur t ion engine. 

3. The reiution of scavenging efficiency to sc.avenging 
ratio in the ..-.l.T. modified C.F.g. engine, the General Motors 
3-71 engine, and the Fairbanks .Verse model 3Sh5i engine v.as 
established at a piston speed of l,h30 ft. /.min. (See Figure 11). 

h. The relation of the scavenging efficiency to scaveng- 
ing ratio in the '.l.T. modified C.F.x^., gasoline injhection, 
two-stroke, loop scavenrod, engine as aeterr.hned by use of the 
sampling check valve, compared favorably with the same rela- 
tion previously computed for the ..hl.T. two-stroke engine. 
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riSCU^SIcN OF THE aSSUx^TS 
ruEo-xxIii '(/.TIG /S EXIGxUET 0;iS CoMi'ONENTS 

/vt the start of the investigation there were available 
the relations previously established by D ^ xxlieva and Lovell 
(1) and Gerrish and IvJeans (2). after this phase of the inves- 
tigation was completed the relations established by Elliot and 
Davis (3) were made available. The latter covered the compres- 
sion ignition type engine; the former two, the spark ignition 
engine, nil engines were four-stroke. 

The results of this in /estigation \<vare plotted not as a 
single line but rather as a band to include the variations in 
the analyses. No attempt was made to rationalize the results 
by application of an aritlimoti cal average or by the method of 
least squares. It was reasoned that successive analysis of 
the two-stroke scavenged engines v^uld contain the same varia- 
tions as in the four-stroke investigations and that any attempt 
to reduce the scatter to a single line would introduce errors 
in the future use of the curves. 

The results of the previous independent Investigations all 
fall within the band produced by this investigation. 

Beyond the chemically correct fuel-air ratio (.0665) there 
is a greater scatter in the analyses than in the leaner regions. 
This v;as found to be true in the references used for comparison 
as v.ell as in the results of this investigation. 
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The reason is not imri'.ediataiy aprarent. . ith the use of 
a steam jacketed vaporizin.-^ tank instead of the usual means 
of carburization, it v.as expected that a uniform, homogeneous 
mixture v.'ouid be fed to the cylinder. This v.ould seem to ex- 
clude the possibilities of stratification and poor mixing ef- 
fects . 

It might be reasoned that the increase in fuel-air ratio 
would lead to higher cylinder pressures and temperatures be- 
tween the chemically correct mixture and the best power mixture, 
and therefore the physical conditions of combustion of the 
caarge would be altered. This is undoubtedly true, but with 
the engine running at thermal equilibrium and the variants held 
constant, it does not explain the variation in the exiiaust gas 
analysis at the same fuel-air ratio. 
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The valve was placed in the exhaust idping so that it 
received the earliest part of the exhaust gas bicw-dovm. The 
pressure maintained behind the check valve was never aiiowed to 
go below- scavenging air pressure. It was usually maintained at 
from 1/2 to 1 inch of mercury above the scavenging -air pressure 
to insure no contafnination of the sample. 

Ail analyses of exhaust gas sainples taken with the sampling 
pressure above but close to the scavenging air pressure were 
consistent and reproducible. Alien the scavenging air pressure 



Sampling px*esf-uro, the analyses wore erratic 



was higher than the 
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and could not be reproduced. The 0^ content of such sanpi-es 
increased noticeably. 

It mi"ht be argued thAt the sampling valve extracts its 
sample at a particular point in the biov^-ciov>n only and thus 
ffiieht conceivably be affected by stratification in the cylin- 
der. This is not true. It is true taat stratification in 
the cylinder does exist, particularly at the lo’,.’er fuel-air 
ratios. If the check valve v;ere mechanically operated to ex- 
tract a Sample during-: a short interval during blow-down, then 
it is conceivable that the same strata mie^ht be sampled each 
cycle. The same condition mirht exist if the spring behind 
tile check valve were to exert enough force to cause it to oper- 
ate only over a small range of pressures. 

The gaseous loaded check valve eliminates all these possi- 
bilities by providing a variable "spring”. It can thus extract 
an exhaust gas Sample over any range of pressures fro;,i the maxi- 
mum blow-down pressure on down. The valve can be made to do 
this because it Las a very narrow seat. The line of contact 
between the seat and the valve was made by lapj/ing tvro cones 
of different angles together. The line of contact is narrow 
enough so that the area exposed to exhaust bxov/-down can be 
considered equal to tlat ax:)osed to the sampling pressure on 
the valve. ;it the start of sampling the spring load is such 
that it can be overcorae by the scavenging pressure alone. The 
valve therefore p.-sses any and all products coming through the 
exhaust passage. If the sampling "ressure so formed Is allo'.ved 



tc build up behind the valve, and the ioakufr,8 past the valve is 
net*li{?;ibie , then soon the saniplinr pressure acting on the vai ve 
will upproxifT*at e the riaximu::: blow-do^vn pressure. At this .loint 
extraction will cease. The sampling pressure on the valve can 
be regulated by bleeding off the excess to the atmosphere. If 
the sampling pressure is held just belov; that of the maximum 
blow-down pressure, tiie valve will bo very sslecti ve and admit 
only the products of the first part of the blow-down. % re- 
ducing the sampling res; ure to a point just above that of the 
scavenging air pressure, the valve can be made to extract a 
sample of the exhaust from the start of blow-down to the begin- 
ning of scavenging. The sampling pressure was held one inch 
of mercury above tiie scavenging pressure to insure no contam- 
ination due to dynamic effects. 

/vfter nrolon;':ad operation in the gasoline two- stroke en- 
gine without cooling the valve tip, the spring was found to 
have been permanently deformed to the point where it could not 
possibly bear against the valve. This was ade'^uate proof that 
the spring lost its significance after the pressure was once 
built up. It is not too far from fact to hazard a guess that 
the spring could be left out of the valve entirely. The sampl- 
ing pressure could be built up with com eras sod gas before op- 
eration and the valve would operate normally. 
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SCAVEUGING EFFICIKWCY V3 SCaVSI.'GIMG RmTIO 
Hi THE .-V-.I.T. -■:CDiriED C.F.a. ekoihe 

Figure iO is a ruot of tlie rosuits obtained froc the runs 
on the C.F.h. Engine. This v.as a single cylinder engine. 

The geometry of the exhaust system made it possible to j-ocate 
the sampling valve in the full blast of the initial exiiuust 
blow-dovxn. For this reason, sampling pressures as high as 30" 

Ilg. were obtained. During sampling, the sampling pressure wus 
maintained 1" Hg. above scavenging pressure. 

The samples taken were consistent over the whole series of 
runs. The values of versus are plotted in Figure 10 along 
with the curve of Sg versus Hg for the M.I.T. loop scavenged, 
two-stroke engine. The 'l.I.T. two-stroke engine is geometrically 
similar to the :i.I.T. Mod. C.F.l. Engine. The agreement of the 
results of this thesis with the curves of tiienh'.I.T. two-stroko 
obtained by an entirely different method seem to verify the as 
sumption that it is possible to obtain accurate rosuits using 
the sampling valve technique. 
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SCA'/KKGING 2FF1CIENCY VS SCAViifIGING RATIO 
IN Tliii; GENEHiiL MOTOHS 3-?l ENGINE 

Figure 9 is a plot of the results obtained from the runs 
on the OL5 3"7i» This engine had two exhaust valves per cylinder. 
The exhaust manifold arrangement made it very difficult to place 
the sampling valve in the proper position to obtain high sampl- 
ing pressures. The initial exhaust samples were taken with a 
sampling pressure of 9” This was 2” Hg. belov> the scaveng- 

ing pressure. It was reasoned that the pressure drop through 
the inlet and exhaust ports would be greater than 2" Hg. end 
that therefore the sampling check valve would remain closed 
during the scavenging process, v.hen samples were taken on this 
basis and the results plotted on the e„ versus R„ curve the 
points were scattered. The majority of points gave u high val- 
ue of 6g. This indicated a lean mixture or contamination of 
the sample with scavenging uir (i.e. the valve was not remain- 
ing olosed during the scavenging process). 

After the position of the sampling valve was changed to 
maintain a sampling pressure above scavenging presrure at all 
times, a new series of runs were made. Under these conditions, 
the points of all three cylinders were consistent and repro- 
ducible. As a result, it was reasoned that, due to dynamic 
effects during the scavenging process, a pressure of 9” Hg. was 
not high enough to prevent contamination of the samples with 
scavenging air. For this reason, the initial runs at a sampl- 
ing pressure of 9" Hg, are omitted from the composite plot . 

(Figure 11 ) . 



/ 
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Figure 8 is a plot of the results obtained from ti*e re- 
sults on the FI en^:ine. The Fairbanks Horse thrse- 

oylinder engine v.as tiie first two-stroke engine to be tested. 
Total air and fuel flow to the three cylinders was measured , 
and it was assumed that the air and fuel distributed e^^ually 
araong the three cylinders. The first run was made at 1,242 
r.p.m. (1,500 ft. /min. piston speed), which was 42 r.p.ci. above 
rated speed. The maximum load possible was applied. A series 

of points at different values of R were taken from exhaust 

s 

samples from a single cylinder. For the next series of runs, 

the engine speed was reduced to 872 r.p.m. viien the results of 

the 872 r.p.m. runs were plotted on an e_ versus R curve 

s s 

(Figure 8) the points -were very erratic. It v/as reasoned that 
these erratic results were caused by poor distribution of air 
or fuel betv;een the cylinders, viien the engine operated below 
rated speed. A check of san.ples from all three cylinders at 
872 r.p.m, and constant Rg showed a wide variation in e^. 

Samples were tnen taken from all three cylinders at rated speed. 
These samples showed little or no variation in eg at constant 
Sg. This seemed to verify the reasoning of unbalance in fuel 



or air distribution at other than r^ted It was very dif- 




ficult in this engine to measure the flow of air and fuel to 
a single cylinder. For these reasons the runs at 872 r.p.m. 
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were omitted from the composite curves, Figure 11. The runs at 
1,242 r.p.m. seemed to check well with the points for the B’ 
engine plotted on Figure 11. These points were omitted from 
Figure 11 because they were at a different piston speed. 
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i\i 0 coi*_.osite ; j.ct ^howi; tiiut .it aay . .rt^cuiar vulus t..f 
t..3 v.xiuQ cf 3,. is .,i,"iiost for tho O,.", serior. 7 j- Ja-'ini. 

O O 

I'na F. ... on.iiiae is naxt al;_,aeat. 

Tne G.l. . ii-iS * of e, for ,iay urticoi-r v.;iu 3 of 

'-•iucl: is .;t ai^ tir».es ai v.or ti. an ti.at for tLa ouiipiota 
.iiiii.ia.r; curve. 

Ihis is aj.no true of the F.I.. enrlne at Vw.iuos of ,tg 
less ta-.n i..;.. ..bovs toe v..lue of the shovvs a 

o 

xosser /aiue of th .n coroyiete nixin/j, incli Gatin'.!; .ossibad 
siiort circuitiny effect of the sca ven "i ri,’ air. 

The .I.T. rr.oclified C.F.h. eivune, ....ici. is roop sca/du/ec' 
si.ov.s ooth a condition of some rr.ixin ; and sor.a .short circuitin'- 
exists. Tais vjas to be expected. 

Tne co;;-»irison of the F.a. and G.:',. eniunes is conducive 
of r.ore s ecux.ticn. ..hiie recordin:-: tiid d.^t. for Inis invest i 
r:..tlun, d..ta au the bi'C-ver -s aasc taken to aid in re irouucinp; 
o,.er...tir.': co'nditioiis . 

Usin,: tais a.ita atte.ujt v.as i:..-ae tc dotor;..in3 tne fxaw 
coefficients of th'3 engines by utllirinf* t:ie orifice QQ^iation. 



M ,4 



and 



£ 5 . - 

Jsl fi. 



2L - 



cuK«r € ; 



M. - 



a_ - 



fi = 
C.. = 

A - 



flc./ i'„te 

i III. at u?3n;iity 

s )Qed of sound in '^ir 

Co. . rosi'ibiiity o^offici ant 

I'l-'s- ; iston 

' urt iro- 



itn a ;cno'..i3di''a of ti;e ort coaf f ic ients , . sat of tt.ndard 

ur.sr-itin,; conditions v>as ussuncu for cor, arisen ],urooses. 
vv.iS t non corio'Utad froro tlie rei.*ticn: 






Otili utiiioin{^ tne issuroed oonditiens sca voiif-in - .-.can effoct- 
i'/c oi’ossure io', v -.s corayuted : 

2SS' 






This corry^rison showed th.it the series expended -r<ore 

;oV(3r in sc .. von/^-in^ tiiu.n did th.i F.' . T/ras it ir ;ossibio to -t 
tie bra.- 3 ..i3;in affective pressure of an onplne u^y b3 icwared 
inste .d of i-.^laed o; tri-irip- to .-chisve . i -ji scavenging effi- 
ciency . 

iiie othors c.-nrjot st -to this is o ; seif icaixy toe 

a .._3 in tni.o inot -jice, bao .uoe t..3 d ^t_i on the b^-.>v;era used tu 
.■l.^e this ...aaiysi.a is iiot Cwusioared s^fficxent tc drawing a 
definite concxasio.ri. 
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rhs rasuxts obt.ir.aa by usa oT ^ s-r.; xinr' /o to unu- 
x.'. , 3 jxhaust --^o3o on u tv»c -atx’oko an '.ine - rove the f oxoi- 
bility cf tnic r..etK>vd of inve:,t U'ution . l''he follovany vacota- 
inondations ore ^.ade for future inveotigution bused the re- 
sults of tuis thesis: 

X. Investir,->ticn of ti^e rax.-^ti^n of e_ ^nd K, at • iston 
speeds otoar t.^an rutou, >^fter Isoxaticn of cyxinasx's i.a s been 
coixpreted . 

c. Investigation of trie relation of fuei-air x-xtio and 
Qc, , holding A^, and sr.eod a constant. 

3. Investi.'ation of the x'dation of o and R on one oux*- 

s s 

ticuiar engine aith gioton speed a constaxxt, fuel-xir ratio x 
constant, ..nd vurvin,- values of 

4. Invest i .■gut ion of tho flov; coefficients of typical in- 
j.at ..nd exa ;ust ports. This investigation indicated th.t con- 
siderubxs ini] rove: .ont in output could be obt-iiied by i:i; rova- 
:;.unt in tne design cf 



angina jortiri'. 



I 




kb 



GHc. CK 

A sc;^lad ilruyyin;* und exploded- view phctOc^ruj.h of the 
Svin:)xin" chock vaiva is c^rpanded. This valve was aeveioyed 
by appiyinc dasiy^n chan.’es to tii6 orif',inai sanpain;' vuave used 
by the thesis i:roup of aldron, ^reiler, Irish, and rvori in tjioir 
thesis ’hv.eusuron.ant of Jcavonaint; Efficiency of tae Two-ltroka 
Enrine: .x Ccnp. risen -na .noiysis of h^ethodc.'’ 

The success of the sar.piins vuave depends on its ibiiity 
to pass exhaust products fror. the cylinder, and to exclude 
sc-ven,^,inp; ^ir. This was .i c com; li shea by raaintainin.i', - pres- 
sure benind tao caeck Vuiva ( oampiini; resaure) siiphtiy hi oner 
than tne sc.i vending ^ir pressure. Tiio valve v^as doaignad with 
line contact between the se^t ^nd check v.iiva. This design 
_Kida the are^x of the check v.^ave ex[>osed to biow-dowTi apjroxi- 
i..ately e lUui to the u,re.-. e^/xjsed to s^xCipaing preo^-ure. In ttiis 
manner muitipiyiny effects tf vaxva aroi .nd pressure ..ere eai- 
miriated. The check val ve v.as spring loaded to ; re vent ca_ttor, 
and to assist the initial building up of back pressure. The 
check Valve was designed sc t;»at travel was positive stc r -1 ir.j ted 
to i/A the di.-.m3ter of the se itinr area. Tiie Viive .v,us aup. ed 
in to ^ tight seat before use. -rho le.^ku.-^e wus net imr'Ortant 
except .vi-en it ..^.s xarge enough to a:aterialay lower the s^Maxing 
j/ressure . 



ruuS been -fi:ontioned ubuve, the v-xve daiiiCx’. oQd the 

racuit of ch.an,.*es :..ade aS tha invest ion aciv..nced. The 
original Vfilve water- j .icketed tir for coolin,:'. The co /a- 

ing water lines to tiie tit increased the overuli di-a.eter of 
the Valve tip. Tha spaces in v.aich the v-.xve v.as ji^aced v.ere 
confined, and the tif o^d to be offset fror; the Centex* line of 
tne collecting tube. T.;e cooling water lines prevented ..-ca- 
tion of tiie Vv.lve in this rcsition. It vvns noticed that cut- 
ting off t;ia cooiing water seated to nava xittre effect on tie 
Valve tip operation aurin-; the running of tiie four-stroke en- 
gines. For tnese reasons, tiie cooling xines to the valve tij- 
were rer.cvad. Cooling of ti.e ti^^ vvas accorijiisned by comr.iete 
water jackotint' of tne collecting-: tube aOading to the tin. 

In addition to the change in cooling, tne v..ave ti]; u-.a 
to be redesigned to ^;et sufficient Gacipilng pressure with the 
reduced blow-dov-.n pressure of the coripression irnitlon an, ines. 
The entrance hoxe -.t ti.e tip of tiie original valve ..as very 
small. This hole .vas enlarged to give the r^sea a better chance 
to strike the valve plunger. iha original valve had ... b.li 
seat. It Vvas difficult to keep ti.is seat tight because the 
Vixive guide n^d been .n.aue loose to prevent sticking -t high 
temper-atures . ^ new v-lve was m.anufacturod v.ith CxOsa .‘-uide 

clearances, ( ...pproxi." -tely .002" to . 003 " in dii. eter) and a 
an.gle tip. The seat was :;...de Tiiis ii’ran.'er: ent r.-.d 

so:..e guidin." Vaaue, ai;d ...t ti.e .s.sie tirr.o .. very narrow line 



cont .iCt couid be 3Ct ibiisaed . 

The w'aivo ti^; .,j 3 scre\-»od an the base ith J./3’' 

pipe ti*re-.d. The position cf the tip on tno bi^se v.iS cx'iticsi 
sines it cuntroxied the vaive travel. ^Jucl'i an ^rran :e;.ent 
:i.3act thet travel vais u function of the dsK-CQS of tinntxiess of 
tjis tip. Further, v.enr of tne threads reduced travel of the 
vaive. .nis ..as caan.^ed by r;.ukin' the threads li.F.T. 

and usin-p a brass spacer washer to aiahe t„e joint between tif 
and base ti^pht. The vaxve lenrth , tne jor itive stop, and the 
brass Washer were -li :,a.chined so that tae correct travel Vvas 
-'.iven tne v.^i ve ui'cn assex..bav . Tliis v^^ve, aS redesigned, o,- 
eratea satisfactori iy on the F.-'. cmgiue. I'roper location .,f 
the v^l/e with water JaCKeted collectin'; tube -..us inpoosibie 
on the G... . 0-71. The vaive tip ..xd to be iocxted by triax .^nd 
error. 'i.Tis required c;^ntiaual bendin', cf tx.e collectiny tube. 
Tne jxxCl-eted collecting tube couid not .stand this bendinr;. The 
co};per. Water jacheted collecting tube v.as re' x xCed by a 1/4’’ 
steel coixectiny tube vdth no pra/ision for ccoxini'. The 
v-.ive functioned properly v.'ith no coolant. Ihis v.xxvs (see 
xXate IV) ..aS usee on the G.. . 3~7a ..nd ? .I.T. loF. C.F.R. 
snjines. 

It Vi as noted uvon disasoeabain this Valve, ti.at the 
1. rin i ad been per;.xanaritiy aistoj'ted to the point where it 
..as tiia Sa/ie xen.- ta aS tae positive atop on v.hich it WaS 

.counted. Obvicusxy it *.xd no effect xn the v-ava riurixiy 



- -y - 

operciticn. Froau this it r.,>y by conciuaed, t.^ut yxce^ t for Ltie 
initial build u; of pressure -.nd the prevention of chv^tter ini- 
tiaixy the sprinr had no use. It is boiieved that if the back 
pressure were built up bj ccrio.ressed air initialj.y, the sirini*, 
could be eliminated. 

an effort ..c*s iro-do to oevelOT) u steax bodied, axternai 
check Valve ..ith a steel bail va^ve. It vv-b reasoned that it 
mi^,lit ,ba mounted on a small copper probe external to the o.uni- 
foid and perrait better ioc^tion of the probe in the exhaust 
blcw-down stream. 

The bail proved a poor check. .-ji aluminum plunder with 
a rubber 0 riiiK flasket was substituted. This valve built up 
a good sampling pressure. In actual use on the Fairbanks 
loorse engine it collected samples v.nich -..are very highly con- 
taminated by scavenging air. This was probably due to dynamic 
effects in the probe. The valve was abandoned after its first 
trial. 






IX j 

4. i . -J i t 1 '.JT .' iV^V^llOvv 

TLe Lrsut j: jiTatuis fii’st u«Qd v^o t-e fti:r.ili:^r tnx'ee- 

bubbler ty ^0 lex* iy^inr fluo ,/^c. This uypur.itus WdS j-utor 
suppiejjiented by l. Mays Cc.s ..nuiyzer. xhe ;.rinciyi8S of epova- 
tlon iiT8 the SuxuQ . I'ne i.itter is not tl.oa;.?ht to bs as accurate, 
boCwUSG t ts Sinrue unai\zed is only ixG cc corrr'jrecl to lOu cc in 
the bubbler type, ilowover, in actual oreration, t.,e two units 
corr-rGd ..ithin the total accuracy ii:nits of the invest i.o. 

Licjn. 



It Vv .s ceeJoed first bo roiy on conjoorciai Ci.eiXiical ro .'onts 
for t..e absorption of t/ia •*aS3s. Trouble was discovered imedi- 
atexy .;itn toe rauront ^7.. oitBahT, nanuf uctured by tne Burreli 
Cor/., .ittsburr*., i'ennsyxvania , 

The /j'oeedure v.ois to subject ti*e /as saiusxe to tne jxotas- 
oium-ir.'cr jxid e (ooK) salutiou ( 33G ‘'r.s to 1,0U0 cc, aistiixed 
outer). The decrease in voiur.e /,^s tr.en i..oxsured os is cus- 
tcr.xry. lurther exposure to tie -hJouIi.ChT 0 iiraii:..ted the 
in ti.e /c.s Camixo. .hen the san..xs .. ;s n'.oosured for deci’e^oO 
in vo^urie ^nu than recxiecled oftor further exposure to tne re- 
../ent, it found tioat toe volurae inci'eased rat..er than de- 
creased. ITia •.)/•• iTotus cnociad for Ieohs aiid found to be 

tiput. Furt ler toe piS sar/.^e vv^s found tc be held at tlio 
Sar.e teniperatura durin/ too testin/*. .pparently the L/hl, liH.'.KT 



I 



'uva ofl v.iie;i It v.io axioaed t'^- t^.e exr.just aven 

it did absorb t:,e Kitroran was bubbxGd t ix X*0 Li u ii O 

ti-. di'i'.'s off ■d.n'y rucu ’usas, tut tLe rocuxts \vare tr.a 
e.ji)ie. solution of aU rt;s pyror.vij.iic icid cryst.jic in dx cc 
of v.ater and 90 cc ^.f i Oti-seiurr.-iiydroxiuo solution >,.*8 l sad fc^r 
absorption tiiaraafter 'witl. excuiient rasults. C'/,v-.aU,;^ T 
v.iiS used to extract the CO ’.,itii success. I'he only diffica,itv 
v<ith thlvS reayent in t',-.t it yroci . it j tef; .fter usa iUd will 
piut^ the holes in the bubbler. 
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Af\"2NDlA C 
AIK F^L'V, 

Since the Hieasure.ment of air ficv,' by uoe of .-in /v iMS Square 
Edged Orifice with fiange tajia used in this thesis is widely 
known and used in experiruentai laboratories, it is not foit nec- 
essary to discuss the method here. 

The i'.I.T. reader is referred to u set of notes pa bxichoci 
by the Sloan Laboratory, J.LI.T., entitled - ''The k'eusureaent of 
Air Flow by Means of the asmE Square Edged Orifice with Flange 
Taps”, by aiiliaia A. leary. The equations and methods of compu- 
tation of air flow used in this thesis are dl^scussed in detuii 
on pages 13 through 14 of the above notes. 

The information in the above notes is baaea on rater ial de- 
rived from the foliev. in<q publications on fluid netera; 

(1) History cf orifice Meters and tns Calibration, Construc- 
tion, and operation of orifices for Metering. The A.meri 
can Society of k;echanical Enginsei-s, Lew Tori',, 1933- 

(2) Fiow Measurement by f^eans of standardized Kezzxos and 
orifice Slates, ASJ^E Power Test Codes, Pax*t V, Chapter 
4. The /Lmericun Society cf Iviechunical Engineers, Law 
York, -1940. 

(3) Fluid Meters: Thair Theory and Application, Lth Edition 

The American oociety of Peohunicai Engineers, Mew York, 
1937. 
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Included in this ooction uro the smooth da 
showing results of data and ouioulatlons for al 
shown on curves of Figures 7 through 11. 
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C.A. CU1..-.TI0N3 

Tha sampld calcuiati v'^iis breuk aown into rive separate sec- 
tions: 

A. Caicuiation of fuel-air ratio of the C.F.H. , Spark-Igni- 
tion, Engine. 

D. Caicuiation of fue-.-air ratio of the modified C.F.H. 

Sngino with Comet Head. 

C. Caiouxatica of air supjj.iod, air retainoc, scavenging 
efficiency and scavenging ratio of the Fairbanks orse, 
Opposed riston, Snr.iae, o-'odel ?38d5l . 

D. Caicuiation of air sux'pxiod, air retalnea, scc vending ef- 
ficiency unci scavenging ratio of the General yiotors, ser- 
ies '’71", --.ngina, Model g3-7i* 

E. Calculation of air supplied, air retained, scavenging ef- 
ficiency, and scavenging ratio of the M.I.T. (C.F.H.), 

Loop Scavenged Ingiae. 

Sections and B involve the measurement of fuel rate and the 
calculation of air supplied to the engine. Floy/ rate of air was 
msdsurad by means of an square-edged orifice with flange 

taps. Fuel rate was measured by use of a rotameter. 

Lections C through K involve the calculation of scuvenging 
efficiency end scavenging ratio, where: 
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^ flipd 



HT, 



/'.s defined in - 

The Internal Combustion ^nr.ine 
by C. F. Taylor and S. Taylor. 



v.hore : 
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cylinder volume, ft.-^ 
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Inlet temp, to cylinder, 
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axhau.et presrure 2 



The amount of air retained in the cylinder v;as established 
by un analysis of tns exhaust gases from v;hich fuel -air (F) could 
bo found. ( S'ee Figure 7.) 

li’ince fuel consumption v/aa measured by a rotameter, it 

was then passible to calculate the amount of air retainoc, ^Vet 



(-JL 



sec 



= (• 



sec 



F 



i»ir supplied aus measured by the same method used in -actions 



and B 
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.vii nianomoter hoignts, t anperuturoa , etc. , 
tns following caicuxatioris are recorcidci -nd can 
enclosed data sheets. ( l>eo Appendix P.) 
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;^!j,CTICN B C.f.S. Engine with Coiaot Head 

Since it was tiiought tJ.at the "Coraet flsad" engine wouia be 
run over wide ranges cf air flow, Figure 2 was set up to fuciii- 
tato the rioasurement of air flow. 

Run ^5 of 1-31-50 ^ 



Data: = 30.35” Hg. abs 



Wj. - .0004 sec 



A Px = — .05" Hg 



A h = 9.05" water 



Tl = 533 “r 



For Ah = 9.05, froc: Figure 2, ^'.,3 - .C131'^/sec 



Pi = +AP^ = 30.35 —.05 = 30. 30" fl(! 
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oijiCTlON G Fuirbanko «.orse opposed j-i^ton 



I.; = O.J.145 X (I\)2 X K Y, 

m X 

K., - 0.65i9 where 6 = _£ - 

D. 
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. . M = 0.9d7 Y /^i ^ , 

^ — !\ h 
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tiun ^'i of 3-J.7-5'0, CylinJor f/'l 
Data: r 29.90'’ Hg. abs. 

AP^ r -G.35” Hg. 

Ah = 24. 40" water 
= 332° H 
C.H.- 17.4 



v.p - 

Rm - 

ti = 
2 

p« = 



p., = 



, Of-'''/ 

e 0ioS9 see, 
1200 
133*^ F 

+ 0.62” lig. 
+ 3.e” Hg. 



+ = 29.90 —.35 = 29 . 35 " Hg. abs. 



: 14.52/;/^^2 



- 24.40" v.ater x 3 . 8b'' '' f t'^/’’water 
I44 



= 0.882 



Ah/D r *83/^ - 

^ 14 ^2 ** froc: Figure 6 r ^98 

/29 55 

M = 0.987 X ^ 24.4 = 1.128,;'/^ 

a - ; . |? . ■. ^ ..,-. |• . ;, . \^l 5 I 388 X iO^ 

® ^ 3 .jj 39 X i/;. 2 X 10 



^2 



5 

• • 






- .996 {See Figure 3.) 

- .Y X = 1.123 X .996 = 1.123 

S ku. 



f!/ 



sec . 




I 
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rJiaiyses of £xiiauat Gasas r^ave 



00 2 r i>,7% voxome 
0^ -12,7> voiumo 



from Figure 7, F = .0291 



M 



ret 



- 



F 



= .01o89 = C.5S 



*®e ' Pa + Pq ■ 29.90 + .62 = 30.J)2" ilg. = 19.00 



'i = 594 Mote: Of the inlet temperotures c.eanureh, 

2 2 

was the closest to xha inlet ports and 

% 

it was felt it iiioro closoly ra'" resented 
the inlet temDeratures. 



/a = 



- ® V = 28.97 jhl. X 15.00 x 144 



R T, 



ft. 



= .0 



c ^ r-x 



17.4 



^®?T3 



j- = 314 in.-^ x - j T Tg-i ' 999 in.'^ : 



3 > .576 ft. 9 






a 

s ” 



ret 



NV 



/ 



CO fi/ ^,s sec. 

= .38 «'sec. X 60 



1200 



X .578 ft. 3 



mia. 






M 

R_ : — ^ 



s 



NV, 






ja„ 

X _s. 
s 






= .735 X 



ret 



1.123 ,#/ 
sac . 

.58 



= i.4^3 




i 



oaCTIuN D 



Hun ; 
Data: 



P - 

X 

Ah ~ 

A a = 

J.' - 



4X - 



= 0 . 



Ganorai Motors J>~71 Series 
1U5 X (E^)^ X ab 






.6^66 where p 



- i; 



2 = 2.CI3 = 

D, 4 . 026 



Pi 



M - 0.2V1 



.5 



)i of 4-11-50, Cylinder ;/i 
?u = 29.85” H^r.. abs. 



A Pi 



Q.IC" Hf'. 



A h = 19. 05” water 



\ = 544°H 
wj- = .01035 ^'^S3c. 



CH = 16 
HPM = 1740 
T, - 664^ H 

X 

~ + 4.60" Hg. 
Pg r 10.5" Hg. 



^ / 2 

p^+ APj = 29.85 + —O.iO - 29.75" Hg. aba. - 14 . 64 ' 

19 . 05 " water x 5.38 water -.685 j/s 2 

— — * '''in'* 

144 in^/ft.'' 



.047, froci Figure 6, Y, = .985 



.291 X 



. 985 ^ •>■9.05 .2^/31 +)^^sec. 



15.28yE 

^2 P 
frora Figure 4 



>44 

. r 18'. V 10^ 

2.0x3 X 12.2 X 10"6 " l^-^ ^ 10 



Ky 

.^93 ;// 



.998 



ec* 






- , . ^ , CO-J = i VGJUriQ 

y^.noxyfces of j^xauast Ot. jet^ fc-ava 

o% volune 

from Figure 7, F ~ 

v» , , ^ ,. / 

’’^rat - - 0.^:0 '^sbC. 

.05x8 



•\ = 


Pa + Fy = 


29. ^"5 + 4.60 = 34.45'’ 


ilfS. 


tD3. = 


in. 




> 

II 


re = 

hi 


’2^*’V7 X 16. v8 ^ 


/ j 

' X li . 


X 144— — _ 

ft.^ * • 


069 


' ^ 

tt^ 




1544 ,-,, 

iilGi • * ^Uht 


^ci 








^^0 - 


V, — = 


2x2.7 X x6 I 22 o.7 


in.-' 


r .l3i3 ft.”" 






o r-x 


15 








*^s ■ 


*"ret - 


2o ‘ / ^ oo — ' 

• XU ,. /eoc. min. 






769 






‘-''c /s 


1740 X .1313 ft 


X 


♦OOV ' ft.^ 





OO'i 
y J 



- ^ c? 



NV 









.7o'/ X .iiO ~ -1.128 



rot 



X 



X 




i 
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ogCTION iL M.I/r. ^oop :>cavenged, Two-Stroke 






V 



*o2l 



m 




o 



.0769 

.Wun /-j of 4 - 20 ->0 

lata: p - xv. 7 " abs. 

a 

= + 9 . 05 ** Kg. 

Ah - 13 .i" v*utor 

Tj_ - 537^ 2 



w. 



. 0027 . 



.50 



CK - 0.72 

t(PM = 1930 
: 541 

Pe = +0.35" ill-. 

P' = + 7.05" Hp.. 



‘‘i / ' 

+ APj, = O'y .7 + 9.05 - 16.56 



4 .7 



A ia 



- 13.1'* vvater x 5 . 188 '' ’ ft. ‘"Z ” v«toi 



•W1 



ill ■ 
Pi 



144 in.''''’ ft.'^ 

■•■,^4?..+,, ■ - .027, frcrr; figure a, Yj^ = .992 
18.56 



= .0769 X 






21 X 13 i 

^37 ^ -^2.1 



.0742 ‘'^sec. 



A 



r 19.28 X ^ 

^'2 .1 .033 X 12.2 X iO'P 

frora Figure 5, K/, = ^ 9 c;c; 

K/. _ ■“Ri 

■ . 1-742 X .999 = .0741 «/&qc. 



I 
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naiyses of rixhaust Gases ~ volurae 

C Z 0 , 2 % voiune 

CO = 1 . 5 % volume 






froa Figure 7, F - 


.0708 




I .00271 


= .0383 


8t ” f 


.0703 


Pu + " 


29.71 + .35 


= 30.05 


® Pe = 


^ol . 


X 14.75 



nh 



R 



— , tf JT 

c ■ *^0 ^rrr 



in.' 



ft. 



^ 54i°R 

nTrk: 



l:J±-LhI21.^^ .0254 n.^ 



4 X 1728 



5.72 



K 



‘ret 



s ■ NV, 



cj^s 






NV 



cj^a 



0 12 "J— _ ^r> SOC« 

•^.^-3iioo. ^3fn7 

1930 HPM X .0254 ft.^ X .0735 ''^ft. 

a _^s - : *038 x .0741 I 1.236 

.0383 



,7 3 = .638 






SYMBOLS 

{in aiphiibeticai. order; 



Bi, - Brake load 

CO •’ Carbon irionoiico 

COp - Carbon dioxide 

CH - Coffipression ratio 

D - Inside pipe diar:ieter 
i 

Bp - Orifice diurieter 

- Scavonging sfficisucy = *~"ret 




F - Fuel-air ratio 
FL - Friction load 

h - Pressure drop acroso the orifice 

Hg - Mercury 

HO- iVater 
2 

K - Mean fiov»- coefficient 
a 




ITi 






iVl 



S 



A 



Batio of flow coefficients 

f 

Moieoular weight, "AMoI. 

/dr rat«F supplied, uncorrected 
nir rate supplied, corrected 

Air rate supplied, unccrrected, C.F.ii. Comet head ;:.ngine. 



AU 



/dr rate supplied, corrected, C.F.R. Coaot Head Engine 



46 



. - ivir retained 
ret 



XV - 



C.. - 









P? - 



- 



T). - 



^i^ngirie revolutions per ninute 
Oxygon 

Atmos])iierl c pressure 
>.ahc.uat jressure 

Inlet pressure before the cylinder inlet ports 
Scuvunging pressure (pressure after the scavenging blovyc5 
and before ths cylinder inlet ports' 
i'ressure before the orifice 



- Pressure before the souvenginr blo.ver 



AP. - 



1 

R 



a 



T, 



Pressure drop before the orifice 

Universal gas constant - 1^44 :■ o 

ft noi . H 



RPS>^ - Erxgine revolutions per itinuto 



Scavenging ratio - 



fs ^ 



m. 



Reynolds number = 

12 p 



v< 



— r ♦ 2 8 c ^ 



D. 



i.24 X 10 



D, 



r - 



it 

Compression ratio 
i’i ton speed 2 
Ctroice 

Temnerature before the orifice 



- Tempo rature before the scavenging blov<er 



,3 




O 



- w/ - 



T - Injiet temperutura 
i 




nn _ 



e 



u - 




V - 

c 



Temperature in the inlot .manifold iramed lately following' 
the Fairbanks Tioroe scavenging biov;or 

Temperature In the inlet laanifcld before the inlet ports 
of the Fairbanks hlorse Engine 

Exhaust gas temperature - numeral subscripts refer to each 
cylinder of Fairbanks J^orso Engine 
Fluid velocity through orifice, ft. /sec. 

Cylinder displacement 
Cylinder volume 



F 

r 

fi 



Fuel rate 



Expansion factor for air (Figure 6) 

/>' / 1 

Air density before orifice, ‘'ft. 

Scavenging aensity - S 

R Ti 



Fluid viscosity before the orifice 
12.3 X 10 ^ sec. (Air) 



j 7 mass 

ft. sec. 



const, at 



»«* 



inches 



4 ? 
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APPENDIX I 
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